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[Problem] To provide a laser crystallizing apparatus for a semiconductor thin film being able 
to control a crystal orientation. 

[Means for Solution] The laser crystallizing apparatus applies a magnetic field 25 to a 
semiconductor thin film 4 formed on a substrate 0 as melting the semiconductor thin film 4 
once with an irradiation of a laser light 50 and as crystallizing the semiconductor thin film 4 
through a cooling process. The laser crystallizing apparatus comprises a stage 31 to have the 
substrate 0, which becomes a processing object, mounted thereon, a chamber 30 to store the 
stage 31, a laser light source 51 to generate a laser light 50, an optical system to guide the 
laser light 50 to the substrate 0 mounted on the stage 31, and a magnetic field generator to 
apply the unidirectional magnetic field 25 to the whole chamber 30 storing the stage 31 and at 
least a part of the optical system, wherein the unidirectional magnetic field is applied in the 
process that the semiconductor thin film 4 is melted once with the irradiation of the laser light 
50 and cooled so as to align a crystal orientation of a crystal grain included in the 
semiconductor thin film 4. According to the circumstances, a unidirectional electric field 
may be applied instead of the magnetic field. 
[Scope of Claim] 

[Claim 1] A crystallizing method of a semiconductor thin film comprising the step of applying 
a magnetic field as melting a semiconductor thin film once with an irradiation of a laser light 
and as crystallizing the semiconductor thin film through a cooling process, 

wherein a pulse of a laser light having a light-emitting time more than 100 ns is 
irradiated so as to give predetermined time width to the cooling process, and the magnetic 
field is applied unidirectionally all the while to align a crystal orientation of a crystal grain 
included in the semiconductor thin film. 

[Claim 2] A crystallizing method of a semiconductor thin film according to claim 1, wherein 
when the laser light emitted from the laser light source is irradiated, lamp light emitted from a 
lamp light source provided separately from a laser light source is irradiated to the 
semiconductor thin film so as to extend time for the cooling process. 

[Claim 3] A laser crystallizing apparatus to apply a magnetic field to a semiconductor thin 
film formed on a substrate as melting the semiconductor thin film once with an irradiation of 
a laser light and as crystallizing the semiconductor thin film through a cooling process 
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comprising; 

a stage to have a substrate, which becomes a processing object, mounted thereon, a 
chamber to store the stage, a laser light source to generate a laser light, an optical system to 
guide the laser light to the substrate mounted on the stage, and a magnetic field generator to 
apply the magnetic field unidirectionally to a whole chamber storing the stage and at least a 
part of the optical system, 

wherein the magnetic field is applied unidirectionally as melting the semiconductor 
thin film once with the irradiation of the laser light and as crystallizing the semiconductor thin 
film through the cooling process so as to align a crystal orientation of a crystal grain included 
in the semiconductor thin film. 

[Claim 4] A manufacturing method of a display device which has a pair of substrates joined 
one another through a predetermined pore space and which has an electro-optic material held 
in the pore space, in which an opposing electrode is formed on one transparent substrate, in 
which a pixel electrode and a thin film transistor to drive the pixel electrode are formed on the 
other insulating substrate, and in which the thin film transistor is formed with a 
semiconductor thin film and a gate electrode overlapped a side of one surface of the 
semiconductor thin film with a gate insulating film interposed therebetween comprising; 

a film-forming step to form the semiconductor thin film on a surface of the insulating 
substrate, an annealing step to apply a magnetic field to the semiconductor thin film formed 
on the insulating substrate as melting the semiconductor thin film once with an irradiation of a 
laser light and as crystallizing the semiconductor thin film through a cooling process, and a 
processing step to form the thin film transistor using the crystallized semiconductor thin film 
as an active layer, 

wherein in the annealing process, a pulse of the laser light having a light-emitting 
time more than 100 ns is irradiated so as to give predetermined time width to the cooling 
process, and the magnetic field is applied unidirectionally for the while so as to align a crystal 
orientation of a crystal grain included in the semiconductor thin film. 

[Claim 5] A thin film transistor comprising; a semiconductor thin film formed on an insulating 
substrate, a gate insulating film formed on one surface of the semiconductor thin film, and a 
gate electrode overlapped on the semiconductor thin film with the gate insulating film 
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interposed therebetween, 

wherein a magnetic field is applied unidirectionally to the semiconductor thin film 
when the semiconductor thin film is melted once with an irradiation of an energy beam and 
the semiconductor thin film is processed into a poly-crystalline semiconductor thin film 
through a cooling process performed thereafter so as to align a crystal orientation of a crystal 
grain. 

[Claim 6] A crystallizing method of a semiconductor thin film comprising the steps of; 
melting a semiconductor thin film formed on a substrate once with an irradiation of a laser 
light, and crystallizing the semiconductor thin film through a cooling process, 

wherein a pulse of the laser light having a light-emitting time more than 100 ns is 
irradiated so as to give predetermined time width to the cooling process, and an electric field 
is applied unidirectionally for the while to align a crystal orientation of a crystal grain 
included in the semiconductor thin film. 

[Claim 7] A crystallizing method of a semiconductor thin film according to claim 6, wherein 
when the laser light emitted from the laser light source is irradiated, lamp light emitted from a 
lamp light source provided separately from a laser light source is irradiated to the 
semiconductor thin film so as to extend time for the cooling process. 

[Claim 8] A laser crystallizing apparatus to melt a semiconductor thin film formed on a 
substrate once with an irradiation of a laser light and to crystallize the semiconductor thin film 
through a cooling process comprising; 

a stage to have a substrate, which becomes a processing object, mounted thereon, a 
chamber to store the stage, a laser light source to generate a laser light, an optical system to 
guide the laser light to the substrate mounted on the stage, and an electric field generator to 
apply an electric field unidirectionally to a whole chamber storing the stage and at least a part 
of the optical system, 

wherein the electric field is applied as melting the semiconductor thin film once with 
the irradiation of the laser light and as crystallizing the semiconductor thin film through a 
cooling process so as to align a crystal orientation of a crystal grain included in the 
semiconductor thin film. 

[Claim 9] A manufacturing method of a display device which has a pair of substrates joined 
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one another through a predetermined pore space and which has an electro-optic material held 
in the pore space, in which an opposing electrode is formed on one transparent substrate, in 
which a pixel electrode and a thin film transistor to drive the pixel electrode are formed on the 
other insulating substrate, and in which the thin film transistor is formed with a 
semiconductor thin film and a gate electrode overlapped a side of one surface of the 
semiconductor thin film with the gate insulating film interposed therebetween comprising; 

a film-forming step to form the semiconductor thin film on a surface of the insulating 
substrate, an annealing step to melt the semiconductor thin film formed on the insulating 
substrate once with an irradiation of a laser light and to crystallize the semiconductor thin film 
through a cooling process, and a processing step to form a thin film transistor using the 
crystallized semiconductor thin film as an active layer, 

wherein in the annealing process, a pulse of the laser light having a light-emitting 
time more than 100 ns is irradiated so as to give predetermined time width to the cooling 
process, and an electric field is applied for the while unidirectionally so as to align a crystal 
orientation of a crystal grain included in the semiconductor thin film. 

[Claim 10] A thin film transistor comprising; a semiconductor thin film formed on an 
insulating substrate, a gate insulating film formed on one surface of the semiconductor thin 
film, and a gate electrode overlapped on the semiconductor thin film with the gate insulating 
film interposed therebetween, 

wherein an electric field is applied to the semiconductor thin film when the 
semiconductor thin film is melted once with an irradiation of an energy beam and the 
semiconductor thin film is processed into a poly-crystalline semiconductor thin film through a 
cooling process performed thereafter so as to align a crystal orientation of a crystal grain. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field to which the Invention belongs] The present invention relates to a 
crystallizing method of a semiconductor thin film and a laser crystallizing apparatus. The 
present invention particularly relates to a manufacturing technology of the poly-crystalline 
silicon thin film transistor formed as a switching element of a display device comprising 
liquid crystal and the like as an electro-optic material. 
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[0002] 

[Prior Art] Among the thin film transistors widely utilized as the switching element in a liquid 
crystal display device, a thin film transistor having poly-crystalline silicon as its active layer 
can have the switching element and the other peripheral driver circuits built-in on the same 
substrate. In addition, since the poly-crystalline silicon thin film transistor can be made very 
minute, it is possible to obtain high numerical aperture in the pixel structure. For these 
reasons, the poly-crystalline silicon thin film transistor has attracted attention as an element 
for the high-resolution display device. In late years, such technology has been extensively 
researched as manufacturing the poly-crystalline silicon thin film transistor in a low 
temperature process, for example at a temperature not more than 600^. The low 
temperature process makes it possible not to use an expensive and heat-resistant substrate. 
Moreover the low temperature process contributes to cost reduction for manufacturing the 
display and to enlargement of the display size. Particularly in late years, it has been 
demanded to integrate on a substrate a sophisticated functional element, typically a central 
processing unit (CPU), in addition to the switching element of the pixel and the peripheral 
driver circuits. In order to realize such a demand, the technology to form poly-crystalline 
silicon thin film having a quality as high as that of single-crystal silicon is anticipated. 
[0003] In the conventional low temperature process, after forming amorphous silicon on a 
substrate, an excimer laser beam or an electron beam shaped into rectangular or linear is 
scanned to be irradiated to the surface of the substrate so that the amorphous silicon is 
transformed into poly-crystalline silicon. The irradiation of the laser beam or the electron 
beam having high energy can heat the amorphous silicon rapidly and can melt the amorphous 
silicon without giving any damages to the substrate. The silicon is crystallized through a 
cooling process performed thereafter, and an assemblage of poly-crystals having a certain 
grain size can be obtained. 
[0004] 

[Problems to be Solved by the Invention] Conventionally, when the amorphous silicon thin 
film was crystallized by irradiating the laser beam to obtain poly-crystalline silicon, the 
amorphous silicon was melted and solidified in the course of nature. Therefore, each of the 
crystal grains constituting the poly-crystal structure grows irregularly so that their crystal 
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orientations are random. For this reason, a number of trapping levels exist in the boundary 
between each crystal grain (grain boundary) due to the discontinuity of the crystal orientations, 
which brings about the lowering of the mobility. 

[0005] Usually, when the amorphous silicon thin film is formed and then the laser annealing 
is performed to the amorphous silicon thin film so as to obtain poly-crystalline silicon film, 
recrystallization velocity of silicon depends on the plane direction. For example, the 
recrystallization velocity in (111) oriented plane is very different from that in (100) oriented 
plane. As a result, the surface of recrystallized silicon is extremely rough. Originally the 
silicon film before recrystallization has a plurality of micro-crystals whose plane directions 
are different. And micro-crystals, each having a different plane direction, grow at a different 
velocity when crystallizing or recrystallizing through the laser annealing process so that large 
convexity and concavity appear on the surface thereof. This convexity and concavity 
regulate the mobility of the charge (carrier). 

[0006] Therefore, it is important to align a crystal orientation in order to improve the mobility 
of the poly-crystalline thin film transistor. In this relation, such a technology is suggested as 
to control the crystal orientation of the crystal grain by growing the crystals in solid phase 
with catalyst such as metal. In this method, however, the metal is remained in the crystals. 
In addition, unlike the laser annealing, the crystallization in solid phase is difficult to be 
performed at low temperature. 
[0007] 

[Means for Solving the Problem] In view of the problem in the conventional technology 
described above, it is an object of the present invention to provide a crystallizing method of 
the semiconductor thin film and a laser crystallizing apparatus, being able to control the 
crystal orientation. That is to say, the present invention is to provide a crystallizing method 
of the semiconductor thin film comprising the step of applying a magnetic field to the 
semiconductor thin film formed on a substrate as melting the semiconductor thin film once 
with an irradiation of a laser light, and as crystallizing the semiconductor thin film through a 
cooling process, wherein a pulse of the laser light having a light-emitting time more than 100 
ns is irradiated so as to give predetermined time width to the cooling process, and wherein the 
magnetic field is applied to the semiconductor thin film unidirectionally all the while so as to 
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align the crystal orientation of the crystal grain included in the semiconductor thin film. It is 
preferable that when the laser light emitted from the laser light source is irradiated, lamp light 
emitted from the lamp light source provided separately from the laser light source is irradiated 
to the semiconductor thin film so as to extend time for the cooling process. In addition, the 
present invention provides a laser crystallizing apparatus to apply the magnetic field to the 
semiconductor thin film formed on a substrate as melting the semiconductor thin film once 
with the irradiation of the laser light and as crystallizing the semiconductor thin film through 
the cooling process, comprising a stage on which the substrate, which becomes a processing 
object, is mounted, a chamber to store the stage, a laser light source to generate a laser light, 
an optical system to guide the laser light to the substrate mounted on the stage, and a magnetic 
field generator applying a magnetic field unidirectionally to the whole chamber storing the 
stage and at least a part of the optical system, wherein the magnetic field is applied 
unidirectionally when the semiconductor thin film is melted once with the irradiation of the 
laser light and the semiconductor thin film is crystallized through the cooling process so as to 
align the crystal orientation of the crystal grain included in the semiconductor thin film. 
Moreover, the present invention provides a thin film transistor comprising a semiconductor 
thin film formed on an insulating substrate, a gate insulating film formed on one side of the 
semiconductor thin film, and a gate electrode overlapped the semiconductor thin film with the 
gate insulating film interposed therebetween, wherein a magnetic field is applied 
unidirectionally when the semiconductor thin film is melted once with the irradiation of an 
energy beam and the semiconductor thin film is processed into a poly-crystalline 
semiconductor thin film through a cooling process performed thereafter so as to align the 
crystal orientation of the crystal grain. 

[0008] The present invention provides a crystallizing method of a semiconductor thin film 
comprising the steps of melting the semiconductor thin film formed on a substrate once with 
an irradiation of a laser light and crystallizing the semiconductor thin film through a cooling 
process, wherein a pulse of the laser light having a light-emitting time more than 100 ns is 
irradiated so as to give predetermined time width to the cooling process, and an electric field 
is applied unidirectionally for the while so as to align the crystal orientation of the crystal 
grain included in the semiconductor thin film. It is preferable that when the laser light 



8 



Publication Number of Patent Application 2000-182956 

emitted from the laser light source is irradiated, lamp light emitted from the lamp light source 
provided separately from the laser light source is irradiated to the semiconductor thin film so 
as to extend time for the cooling process. In addition, the present invention provides a laser 
crystallizing apparatus to melt the semiconductor thin film formed on a substrate once with 
the irradiation of the laser light and to crystallize the semiconductor thin film through the 
cooling process, comprising a stage on which the substrate, which becomes a processing 
object, is mounted, a chamber to store the stage, a laser light source to generate a laser light, 
an optical system to guide the laser light to the substrate mounted on the stage, an electric 
field generator applying an electric field unidirectionally to the whole chamber storing the 
stage and at least a part of the optical system, wherein the electric field is applied 
unidirectionally when the semiconductor thin film is melted once with the irradiation of the 
laser light and the semiconductor thin film is crystallized through the cooling process so as to 
align the crystal orientation of the crystal grain included in the semiconductor thin film. 
Moreover, the present invention provides a thin film transistor comprising a semiconductor 
thin film formed on an insulating substrate, a gate insulating film formed on one side of the 
semiconductor thin film, and a gate electrode overlapped on the semiconductor thin film with 
the gate insulating film interposed therebetween, wherein an electric field is applied to the 
semiconductor thin film when the semiconductor thin film is melted once with the irradiation 
of an energy beam and the semiconductor thin film is processed into a poly-crystalline 
semiconductor thin film through a cooling process performed thereafter so as to align the 
crystal orientation of the crystal grain in the semiconductor thin film. 

[0009] According to the present invention, when the semiconductor thin film is melted once 
with the irradiation of the laser light and is crystallized through the cooling process, the 
crystal orientation of the crystal grain included in the crystallized semiconductor thin film is 
aligned by securing sufficient time for which the constant magnetic field or the constant 
electric field is applied. An electron included in each silicon atom in a melted state interacts 
with the magnetic field or the electric field so that an electron spin is directed according to the 
magnetic field or the electric field. The crystal orientation is aligned when the 
semiconductor film in this state is crystallized or solidified through the cooling process. 
Since the orientation of each crystal grain is aligned, a barrier of an electron potential due to 
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the discontinuity of the crystal orientation in the grain boundary is lowered, and as a result, 
the mobility of the carrier becomes higher. In addition, since the crystal grain is aligned, 
even the convexity and the concavity in the surface of the semiconductor thin film disappear. 
By planarizing the surface of the semiconductor thin film, the state of the interface between 
the semiconductor thin film and the gate insulating film formed adjacently thereon becomes 
good, which can contribute to the improvement of the mobility. 
[0010] 

[Embodiment Mode of the Invention] The embodiment mode of the present invention is 
explained in detail with drawings as follows. FIG 1 is a schematic diagram to show a 
structure of the laser crystallizing apparatus according to the present invention. The present 
laser crystallizing apparatus is to apply a magnetic field 25 to a semiconductor thin film 4 
formed on an insulating substrate 0 as melting the semiconductor thin film 4 once with an 
irradiation of a laser light 50 and as crystallizing the semiconductor thin film 4 through a 
cooling process. Consequently, the present laser crystallizing apparatus comprises a stage 31 
on which the insulating substrate 0, which becomes a processing object, is mounted, a 
chamber 30 to store the stage 31, a laser light source 51 to generate the laser light 50 and an 
optical system including a mirror 52 and the like in order to guide the laser light 50 to the 
substrate 0 mounted on the stage 31. It is characteristic for the present laser crystallizing 
apparatus to comprise a magnetic field generator applying a magnetic field unidirectionally to 
the whole chamber 30 storing the stage 31 and at least a part of the optical system (the mirror 
52). In this embodiment mode, the magnetic field generator has a pair of magnetic poles 
20N and 20S equipped to hold the chamber 30 from its upper and lower sides. Between the 
pair of plane-parallel magnetic poles 20N and 20S, a vertical magnetic field 25 is generated as 
shown with an arrow and the vertical magnetic field 25 is applied to the semiconductor thin 
film 4 formed in advance on the insulating substrate 0. It is noted that the chamber 30 has a 
nozzle 32 to introduce gas from the outside and a vacuum pump 33 to exhaust gas in the 
inside connected thereto if necessary. Moreover, the laser light 50 emitted from the laser 
light source 51 is introduced into the chamber 30 through an optical controller 53 and an 
optical window 54. 

[0011] Next, the way to use the present laser crystallizing apparatus is explained specifically 



10 



Publication Number of Patent Application 2000-182956 



in reference to FIG 1. The optical mirror 52 and the stage 31 to hold the substrate 0 are 
stored in the chamber 30. The stage 31 is movable, and the insulating substrate 0 with the 
semiconductor thin film 4 formed thereon, which becomes a processing object, is mounted on 
the stage 31. The chamber 30 has a vacuum atmosphere inside. Alternatively, the chamber 
30 may have nitrogen gas or hydrogen gas introduced thereinto. The laser light 50 emitted 
from the laser light source 51 is shaped and is made uniform through the optical controller 53, 
and then the laser light 50 is incident into the mirror 52 through the optical window 54. The 
mirror 52 changes the traveling direction of the laser light 50 and the laser light 50 is 
irradiated to the insulating substrate 0. At the time, the whole chamber 30 is disposed in the 
vertical magnetic field 25. That is to say, a magnet or an electromagnet having a pair of 
magnet poles 20N and 20S is disposed above and under the chamber 30 so that the magnetic 
field is applied to the semiconductor thin film 4 regularly. When the semiconductor thin 
film 4 is melted and recrystallized with the laser light 50 in such a laser crystallizing 
apparatus, the electron spin included in the silicon atom of the once melted semiconductor 
thin film 4 interacts with the magnetic field and the electron spin is directed to a certain 
direction. When the semiconductor thin film 4 in such a state is solidified through the 
cooling process, the crystal orientation is aligned. Thus crystallized film has a crystal 
orientation almost aligned, and thereby barrier of the electron potential in the boundary is 
lowered so as to increase the mobility. In such a case, it is important to align the crystal 
orientation in a certain direction. The crystal orientation may be aligned either in a vertical 
direction or in a horizontal direction of the semiconductor thin film 4 according to the outer 
orbit structure of atom. 

[0012] Particularly, in order to align the crystal orientation, it is important to irradiate a pulse 
of the laser light having a light-emitting time more than 100 ns so as to give predetermined 
time width to the cooling process and to apply the magnetic field unidirectionally for the 
while. When the light-emitting time is shorter than 100 ns, the time width in the cooling 
process also becomes short, and thereby it becomes difficult to have the magnetic field work 
sufficiently. In order to obtain a pulse of the laser light having a light-emitting time more 
than 100 ns, an excimer laser light source having a high output can be employed. 
Furthermore, it is preferable that when the laser light emitted from the laser light source is 
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irradiated, lamp light emitted from the lamp light source provided separately from the laser 
light source is irradiated to the semiconductor thin film so as to extend time for the cooling 
process. It is possible to obtain the cooling time in the range of one second to ten seconds 
for example, by combining excimer laser annealing (ELA) with lamp annealing (RTA). 
[0013] FIG 2 is a schematic diagram to show another example of the laser crystallizing 
apparatus according to the present invention. The present laser crystallizing apparatus is to 
apply the electric field 25x to the semiconductor thin film 4 formed on the insulating substrate 
0 as melting the semiconductor thin film 4 once with the irradiation of the laser light 50 and 
as crystallizing the semiconductor thin film 4 through the cooling process. Consequently, 
the present laser crystallizing apparatus comprises a stage 31 with an insulating substrate 0, 
which becomes a processing object, mounted thereon, a chamber 30 to store the stage 31, a 
laser light source 51 to generate the laser light 50, and an optical system including a mirror 52 
and the like to guide the laser light 50 to the substrate 0 mounted on the stage 31. It is 
characteristic for the present crystallizing apparatus to comprise an electric field generator to 
apply the electric field 25x unidirectionally to the whole chamber 30 storing the stage 31 and 
at least a part of the optical system (mirror 52). In this embodiment mode, this electric field 
generator comprises a pair of electrodes 20p and 20n to hold the chamber 30 from its upper 
and lower sides. Between the pair of plane-parallel electrodes 20p and 20n, a vertical 
electric field 25x is generated as shown with an arrow and the vertical electric field 25x is 
applied to the semiconductor thin film 4 formed in advance on the insulating substrate 0. It 
is noted that the chamber 30 has a nozzle 32 to introduce gas from the outside and a vacuum 
pump 33 to exhaust gas in the inside connected thereto if necessary. Moreover, the laser 
light 50 emitted from the laser light source 51 is introduced into the chamber 30 through an 
optical controller 53 and an optical window 54. 

[0014] Next, the way to use the present laser crystallizing apparatus is explained in detail in 
reference to FIG 2. The optical mirror 52 and the stage 31 to hold the substrate 0 are stored 
in the chamber 30. The stage 31 is movable, and the insulating substrate 0 with the 
semiconductor thin film 4 formed thereon, which becomes a processing object, is mounted on 
the stage 31. The chamber 30 has a vacuum atmosphere inside. Alternatively, the chamber 
30 may have nitrogen gas or hydrogen gas introduced thereinto. The laser light 50 emitted 
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from the laser light source 51 is shaped and is made uniform through the optical controller 53, 
and then the laser light 50 is incident into the mirror 52 through the optical window 54. The 
mirror 52 changes the traveling direction of the laser light 50 and the laser light 50 is 
irradiated to the insulating substrate 0. At the time, the whole chamber 30 is disposed in the 
vertical electric field 25x. That is to say, a pair of electrodes 20p and 20n are disposed above 
and under the chamber 30 so that the electric field is applied to the semiconductor thin film 4 
regularly. In this example, the electrode 20n is connected to ground and the electrode 20p is 
connected to AC power source to generate the alternating electric field. Instead of the 
alternating electric field, direct current electric field may be applied. When the 
semiconductor thin film 4 is melted and recrystallized with the laser light 50 in such a laser 
crystallizing apparatus, the electron spin included in the silicon atom of the once melted 
semiconductor thin film 4 interacts with the electric field and the electron spin is directed to a 
certain direction. When the semiconductor thin film 4 in this state is solidified through the 
cooling process, the crystal orientation is aligned. Since thus crystallized film has the crystal 
orientation almost aligned, the barrier of the electron potential in the boundary is lowered so 
as to increase the mobility. On this occasion, it is important to align the crystal orientation 
unidirectionally. According to the outer orbit structure of atom, the crystal orientation is 
aligned either in a vertical direction of the semiconductor thin film 4, or in a horizontal 
direction of the semiconductor thin film 4. 

[0015] Particularly, in order to align the crystal orientation, it is important to irradiate a pulse 
of the laser light having a light-emitting time more than 100 ns so as to give predetermined 
time width to the cooling process and to apply the magnetic field unidirectionally for the 
while. When the light-emitting time is shorter than 100 ns, the time width in the cooling 
process also becomes short, and thereby it becomes difficult to have the electric field work 
efficiently. In order to obtain a pulse of the laser light having a light-emitting time more 
than 100 ns, an excimer laser light source having a high output can be employed. When the 
laser light emitted from the laser light source is irradiated, lamp light emitted from the a lamp 
light source provided separately from the laser light source may be irradiated to the 
semiconductor thin film in order to extend time for the cooling process. It is possible to 
obtain the cooling time in the range of one second to ten seconds for example, by combining 
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the excimer laser annealing (ELA) with the lamp annealing (RTA). 

[0016] FIG 3 is process drawings to show a manufacturing method of the thin film transistor 
according to the present invention. In FIG 3, a semiconductor thin film is crystallized with 
the laser crystallizing apparatus shown in FIG 1 or FIG 2. The poly-crystalline silicon thin 
film transistor formed in this embodiment formed in this embodiment has a mobility from 130 
cm 2 /Vs to 300 cm 2 /Vs in N-channel type, and has a mobility from 60 cm 2 /Vs to 150 cm 2 /Vs 
in P-channel type, which have achieved a considerably higher mobility than before. It is 
noted that although this embodiment shows a manufacturing method of the thin film transistor 
of N-channel type for convenience, the thin film transistor of P-channel type can be 
manufactured with the same method only by changing the impurities (dopant). This 
embodiment shows a manufacturing method of the thin film transistor of bottom-gate 
structure. First, as shown in (a), an element of Al, Ta, Mo, W, Cr or Cu, or an alloy of these 
elements is formed in thickness from 100 nm to 200 nm on the insulating substrate 0 made of 
a glass or the like and is patterned to form a gate electrode 1. 

[0017] Next, as shown in (b), a gate insulating film is formed on the gate electrode 1. In this 
embodiment, the gate insulating film was formed in a two-layer structure of a gate nitride film 
2 (SiN x ) / a gate oxide film 3 (Si0 2 ). The gate nitride film 2 was formed with plasma CVD 
(PCVD) using mixed gas of SiH* gas and NH 3 gas as the material gas. It is noted that 
normal-pressure CVD or reduced-pressure CVD may be employed instead of the plasma 
CVD. In this embodiment, the gate nitride film 2 was deposited in 50 nm thick. The gate 
oxide film 3 is formed in about 200 nm thick consecutively after forming the gate nitride film 
2. Furthermore, the semiconductor thin film 4 comprising an amorphous silicon was formed 
in thickness from approximately 30 nm to 80 nm consecutively on the gate oxide film 3. 
The gate insulating film and the amorphous semiconductor thin film 4 having a two-layer 
structure were formed consecutively as keeping the vacuum system of the film-forming 
chamber. When these films are formed with the plasma CVD, a heating process is 
performed in the atmosphere of nitrogen at a temperature between 400*0 and 450*0 for an 
hour approximately in order to eliminate hydrogen included in the amorphous semiconductor 
thin film 4. This is what is called dehydrogenation annealing. 

[0018] Here, Vth ion implantation is performed if necessary, in order to control Vth of the thin 
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film transistor. In this example, ion implantation was performed in such a way that B+ was 
implanted in dose amount from 1 x 10 12 /cm 2 to 6 x 10 12 /cm 2 approximately. In this Vth ion 
implantation, a line beam of ion shaped to have a width of 620 nm was used. Next, 
according to the present invention, the amorphous semiconductor thin film 4 is crystallized 
with the irradiation of the laser light 50 as applying the magnetic field or the electric field. 
As the laser light 50, an excimer laser beam can be used. With these processes performed, 
the crystal orientation can be aligned. 

[0019] As shown in (c), Si0 2 is formed in thickness from 100 nm to 300 nm approximately 
with the plasma CVD for example on the poly-crystalline semiconductor thin film 5 
crystallized in the previous process in such a way that the crystal orientation is aligned. In 
this embodiment, silane gas SH4 and oxygen gas were decomposed with the plasma so as to 
deposit Si0 2 . Thus formed Si0 2 is patterned in a predetermined shape to form an etching 
stopper film 6. In such a case, the etching stopper film 6 is patterned in such a way that the 
etching stopper film 6 is in conformity with the gate electrode 1 with the rear surface 
exposure technology employed. A part of the poly-crystalline semiconductor thin film 5 
positioned directly below the etching stopper film 6 is protected as a channel region Ch. As 
described above, the B+ ion is implanted in the channel region Ch in comparatively small 
dose amount by the Vth ion implantation in advance. Next, impurities (P+ ion, for example) 
are implanted to the semiconductor thin film 5 by the ion doping with the etching stopper film 
6 used as a mask so as to form an LDD region. The dose amount on this occasion is in the 
range of 6 x 10 12 /cm 2 to 5 x 10 13 /cm 2 , for example. In addition, after photoresist is patterned 
in such a way that the photoresist covers the stopper film 6 and the LDD region being in the 
opposite ends thereof, the impurities (P+ ion, for example) are implanted at a high 
concentration using the photoresist as a mask so as to form a source region S and a drain 
region D. Ion doping (ion shower) can be employed, for example, to implant the impurities. 
This is to accelerate the impurities by the magnetic field in order to implant the impurities 
without using mass separation. In this embodiment, the impurities were implanted in dose 
amount of 1 x 10 15 /cm 2 approximately to form the source region S and the drain region D. It 
is noted that in case of forming the thin film transistor of P-channel, though not shown in the 
figure, after covering the region of the thin film transistor of N-channel with the photoresist, 
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the impurities of B+ ion may be implanted instead of P+ ion in dose amount of 1 x 10 15 /cm 2 
approximately by performing the ion doping. It is noted that an ion implantation apparatus 
of the mass separating type may be employed to implant the impurities. After that, the 
impurities implanted in the poly-crystalline semiconductor thin film 5 are activated. For 
example, the laser activation annealing with the excimer laser (ELA) is performed. After 
that, the unnecessary part of the semiconductor thin film 5 and the etching stopper film 6 is 
patterned simultaneously to separate the thin film transistor by each element region. 
[0020] Finally, as shown in (d), Si0 2 is formed in 200 nm thick approximately to form an 
interlayer insulating film 7. After forming the interlayer insulating film 7, SiN x , for example, 
is formed in thickness from 200 nm to 400 nm with the plasma CVD to form a passivation 
film (cap film) 8. At this stage, hydrogen atoms included in the interlayer insulating film 7 
are made to diffuse into the semiconductor thin film 5 by performing the heating process at a 
temperature of about 350*0 for an hour in the atmosphere of nitrogen gas, forming gas, or in 
the vacuum atmosphere, for example. After that, a contact hole is opened, and then Mo or 
Al is sputtered in thickness from 200 nm to 400 nm, which is patterned thereafter into a 
predetermined shape to form a wiring electrode 9. Moreover, after applying a planarizing 
layer 10 comprising acrylic resin and the like, for example, in 1 jim thick approximately, the 
contact hole is opened. After sputtering a transparent conductive film comprising ITO, IXO 
or the like for example, on the planarizing layer 10, it is patterned in a predetermined shape to 
form a pixel electrode 11. 

[0021] FIG 4 shows an example of active matrix display device with the thin film transistor 
manufactured with the processes shown in FIG 3. As shown diagrammatically, the present 
display device has a panel structure comprising a pair of insulating substrates 101, 102 and an 
electro-optic material 103 held between the insulating substrates 101 and 102. A liquid 
crystal material is widely used as the electro-optic material 103. A pixel array portion 104 
and a driver circuit portion are formed in such a way that they are integrated in the insulating 
substrate 101 in the lower part. The driver circuit portion is divided into a vertical driver 
circuit 105 and a horizontal driver circuit 106. In addition, a terminal portion 107 for 
external connection is formed on the upper part of periphery of the insulating substrate 101. 
The terminal portion 107 is connected to the vertical driver circuit 105 and to the horizontal 
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driver circuit 106 with a wiring 108 interposed therebetween. A gate wiring 109 is formed 
in a crosswise direction and a signal wiring 110 is formed in a lengthwise direction, each of 
which is formed in the pixel array portion 104. A pixel electrode 111 and a thin film 
transistor 112 to drive the pixel electrode 111 are formed in the intersecting portion of both 
wirings. The gate electrode of the thin film transistor 112 is connected to the corresponding 
gate wiring 109. The drain region is connected to the corresponding pixel electrode 111, and 
the source region is connected to the corresponding signal wiring 110. The gate wiring 109 
is connected to the vertical driver circuit 105, while the signal wiring 110 is connected to the 
horizontal driver circuit 106. The thin film transistor 112 to switch the pixel electrode 111 
and the thin film transistors included in the vertical driver circuit 105 and the horizontal driver 
circuit 106 are the thin film transistors manufactured according to the present invention, and 
the mobility thereof is higher than that of the conventional thin film transistor. Therefore, it 
is possible to integrate not only the driver circuit but also the processing circuit of higher 
performance. That is to say, these thin film transistors comprise the semiconductor thin film 
formed on the insulating substrate 101, the gate insulating film formed on one surface of the 
semiconductor thin film, and the electrode overlapped the semiconductor thin film with the 
gate insulating film interposed therebetween. When the semiconductor thin film is melted 
once with the irradiation of the energy beam such as the laser light and is processed into a 
poly-crystalline semiconductor thin film through the cooling process performed thereafter, the 
crystal orientation of the crystal grain is aligned by the effect of the magnetic field or the 
electric field applied unidirectionally. 

[0022] FIG 5 is a block diagram to show a transformed example of the laser crystallizing 
apparatus shown in FIG. 1 according to the present invention. In order to make it easier to 
understand, the same reference number as that in FIG 1 is used in FIG 5. The different 
point from the embodiment mode shown in FIG 1 is that the whole chamber 30 is stored in 
the coil constituting the electromagnet 20. As a result, the magnetic field 25 is applied to the 
semiconductor thin film 4 formed on the insulating substrate 0 horizontally as shown by the 
arrow. The magnetic field 25 aligns the crystal orientation of the crystal grain included in 
the semiconductor thin film 4 unidirectionally. 

[0023] FIG 6 is a schematic diagram to show the progressed mode of the laser crystallizing 
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apparatus according to the present invention, and to show only the optical part excluding the 
magnetic field generator, the electric field generator, and the chamber. In this progressed 
mode, the crystallization is performed more effectively by combining the laser light and the 
lamp light. That is to say, when the laser light emitted from the laser light source is 
irradiated, the lamp light emitted from the lamp light source provided separately from the 
laser light source is irradiated to the semiconductor thin film in order to extend time for the 
cooling process. The present apparatus is basically so constructed as to combine ELA 
(Excimer Laser Anneal) and RTA (Rapid Thrmal [sic] Anneal). RTA is the technology to 
irradiate ultraviolet light having a wavelength from 240 nm to 400 nm to the insulating 
substrate 0 comprising the glass or the like instantaneously (for example, one second), which 
makes it possible to perform the heating process at high temperature without giving any 
damage to the substrate itself. As shown in the figure, the insulating substrate 0 is preheated 
(heated gradually) in stages in Zones 1 to 3 having the infrared heaters 71 to 73 comprising 
the infrared lamp and the like therein. This insulating substrate 0 is transferred at a 
predetermined speed into an RTA unit. In this example, there are provided a first RTA unit 
disposed right before the irradiation region of the laser light 50, and a second RTA unit 
disposed right after the irradiation region of the laser light 50. The first RTA unit comprises 
a pair of arc lamps 61 and 62 in its upper and lower sides. The second RTA unit comprises a 
pair of arc lamps 67 and 68 in its upper and lower sides as well. All of the arc lamps 61, 62, 
67 and 68 are covered with a reflection plate 82. In addition, a radiation thermometer 83 for 
controlling is provided in the vicinity thereof. After passing through the RTA units, the 
insulating substrate 0 is transferred to Zone 4 for cooling having the infrared heater 74 
provided therein, and then the insulating substrate 0 is cooled gradually. On the other hand, 
ELA uses the excimer laser light source, and generates intermittently a laser light 50 which is 
shaped into linear, for example as a pulse. The laser light 50 is reflected by the mirror 52 
and is irradiated to the insulating substrate 0. 

[0024] The laser crystallizing apparatus having such a constitution is used to perform the 
heating process to the semiconductor thin film formed in advance on the surface of the 
insulating substrate 0 extended in the longitudinal direction and in the direction of the width 
thereof, which are orthogonalized each other. It is noted that the longitudinal direction of the 
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insulating substrate 0 corresponds with the traveling direction of the substrate shown with an 
arrow in the figure. As described above, the present apparatus is basically equipped with the 
laser light source, a plurality of lamp light sources, and transfer means. The laser light 
source irradiates a laser light 50 which has a comparatively high energy and which is shaped 
into linear along the direction of the width of the insulating substrate 0 to the semiconductor 
thin film in an intermittent timing. A pair of arc lamps 61 and 62 irradiates two of the lamp 
light which have a comparatively low energy and which are shaped into linear along the 
direction of the width of the insulating substrate 0 in synchronization with the irradiation of 
the laser light 50 to the semiconductor thin film intermittently. A pair of the arc lamp 67 and 
68 irradiates the semiconductor thin film in the same manner. The transfer means transfer 
the insulating substrate 0 to the longitudinal direction (traveling direction of the substrate) in 
accordance with the irradiation timing of the laser light 50 and the lamp light. Moreover, in 
order to heat and cool the insulating substrate 0 gradually before and after the irradiation of 
the laser light 50 and the lamp light, the infrared heaters 71 to 74 are arranged along the 
transfer means. 
[0025] 

[The Effect of the Invention] As described above, according to the present invention, when 
the non-single crystal semiconductor thin film, such as amorphous silicon formed on the 
insulating substrate is processed into poly-crystalline silicon film with the irradiation of the 
laser light, the crystal orientation of the crystal grain is aligned unidirectionally by applying 
the magnetic field or the electric field. This makes it possible to improve the mobility of the 
carrier in the thin film transistor having the poly-crystalline semiconductor thin film as the 
active layer thereof. Moreover, the laser crystallizing apparatus used for this purpose has a 
comparatively simple equipment structure since the whole chamber may be just disposed in 
the unidirectional magnetic field or in the unidirectional electric field. 
[Brief Description of the Drawing] 

[FIG 1] A schematic block diagram to show the laser crystallizing apparatus according to the 
present invention. 

[FIG 2] A schematic block diagram to show another example of the laser crystallizing 
apparatus according to the present invention. 
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[FIG 3] Process drawings to show a manufacturing method of the thin film transistor 
according to the present invention. 

[FIG 4] A perspective view to show an example of the display device using the thin film 
transistor manufactured according to the present invention. 

[FIG 5] A schematic diagram to show a transformed example of the laser crystallizing 
apparatus. 

[FIG 6] A schematic perspective view to show the progressed mode of the laser crystallizing 
apparatus according to the present invention. 
[Description of the Reference Symbols] 

0: insulating substrate, 4: semiconductor thin film, 20N: magnetic pole, 20S: magnetic pole, 
20p: electrode, 20n: electrode, 25: magnetic field, 25x: electric field, 30: chamber, 31: stage, 
50: laser light, 51: laser light source, 52: mirror 
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^^©^««iia«iSic^;i;*^#:»iK4 ©sa^Kis 

[0 0 15] «ft*4fc&»AS»Ktt«3fcB#|intf« 
1 0 0 n s tfft©/r>l/;*£RaSt LTi£23Jj® 

+»!CfPfflS-a-*i:fc3ft«HliK)a:a. lOOnsHi© 

tf % m t ttgij as # & 7 > y ?t « a» & 58 l fc 5 > y jt £ 

l+yYU-fjr-Jl, (ELA) t7>^7;- 
;P (RTA) $^*--&t?-a--SC:iT% ^PtP^S^JAfc? 

[0 0 16] i3!l *^0J(C^«,»Bih7>^X^© 

7>yX^O»lig[ttNft^HT*l 3 0ftUL3 0 
Ocm' /V s , Pft^;HT6 0&<^L 15 0cm 

! /vst-J5o. a*»=it^Bi=»»»aEft3Wjsrica 

®iji^ft^^-r. *T (a) AZ^-tmz. U^ttEfr 
z>te2>t&mM ; foO<D±\zm%.l l £A 1 , Ta, Mo, W, 
Cr, C uX«Cin?,cr)-&^€r^J^t4 1 0 075M2 0 0 
nmOl^TML., /^r>^LT7-*-htIl l:JD 

[0017] 'A^x- (b) (c^-r^ic y-Miio 
mmitmiui>f-bg.itm2 (sin, ) /*f-vmt 

13 (SiO, ) ir*-h^{t:K2 
IJSiH, 7?XtNH, 7?XcDig^#l^Jl#4m^iLT 
ffl^. y^X^CVDS (PCVDS) T-fi£^L>t. 

5 0 nm©JP^.7?*«Lfc. ^- h^t^ 2 cDj£«tca 
iLT, 7"'- M« 3 * » 2 0 0 n mfflf 

Mf'y- h^kK 3 o±»cSSEWlc#ffi»->U 3 > 
)l»e.ft5¥«*fll84 £iKJ3 0 75S8 OnmOJf^TjS 
^Lfe. -««iBoy- Hffi3I^^MM#Il4 
fifiKK^r >/\*<D^^$-ffiEe»-r»Mfi£KLfc. Ji(±0 
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[0 0 18] ICt, Bmb7>zSX?<DV t h£ffflffll 
t^lWT, V t h-f -*y-i y^^yr-i/B >£i&g 
tC&DTfT&^o B + £K-X*fi#.l X l 0 

X l 0"/cm ! ggt"ft>aALfc. 
V t h-f :*>-f >^-7 >-x— ->a >T«6 2 0 nmififC 

mmzntz^ ^xo^-r >t*— &&m^tz. &i^t% * 10 
0£IWU ^^M¥^WK4^ig^t:-r-S». i — if 

[ooi9] (c) \z*k-?mz. wxg7?^a*^^«ii 

AfcttSIXSS,fite£ttfc^SS l fi¥#{fci§EI 5 <D±.\zm%. 
«y7XTCVDfeTS i O, SI5lOOnm7iI3 0 

iif^^^X^ffLTS iO, £J£«Lfc. d 
»^lcLTfi£^$nfcS i o, zmfecommz/^? - > 20 

mffimye&ffi&m^Ttf-hmMi tm-s-rzmiz 
^>v*Vvrt-me<DWrt\z&m-?z>£m&*mwm 

*5©»$m^**;P«*Ch£LT««;£tlS. W33i 
7 5 > t— -> a > IC £ 0 B + -f ^ >*»Jt«!!Wfll H - Xi 

P+-T3-» $¥i^K5 tSAL, LDDM^f 30 
B£t"-2>. C<DP#09 h*— Xltt, «»JA«6 X 1 0" 75H 
5X10' '/cm' HICX hvrt-WkG&Zt^ 

K >®^D5r^fig-T-5. ^Ifcl&l&AICte, 0iJA«-r^- 
>K— tf>y (-f ^>->r -7-) ^ffll^It^Tf 

SraA-T-SfcCDTfeO, ^M^mi 1 x 1 O'Vcm 

' lt©K-Xl^M®5:aAb- V-7««SRtf 40 

h*-Xgl x l 0"/cm , g«T-f*>H-e>^t 

^^S¥«#:»K5{caA$tlfc=FMfel^f§ttlli 
(EL A) Srfrfr?. COi. ¥^SK5<!:X 50 
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y<?>if7> b •y/*-m6<DTmj.&tt&mmzrt?-> 
ifv, m?mmmzmmb7>i;7.?*ttM.'tz>. 
[0020] m&iz (d) tzm-rmiz, s i o, &m2 

0 0 nm<73j?^T-fi£BIU BfBJ*e»ffil 7 Sf»& 
iBfcBI 7 (DJgj£«. CSJ^tiS i N. I^XTCVDftt 
l!)2 0 07)S4 0 0 nm«b, A->A— -> 3 >g| 

JD^S^ i ttMfT&fr>. JIMttMR 7 (r-&sn-&7K^ 

h-fc-Jl&ffiOL, tfiJAteEMo, A 1 &<i:£r2 0 07bM 
4 0 0 nrntDP^-TX/I^LTttg, ffi%.<DMmz/*& 

->?LTmmmm9izmT.?z>. w.iz. m*.t*7 9V 
)\smmt±Efr<bti.z>¥-mtm 10*1 j.m6«©jp*-c 

©±Ic0iJ^^I TO-*> I XO&,!:!!i^&I.Si#tIi& 

x/ty*L.fc«, m^<DmmzA^->ifvxmmmm 

1 1 fciDiTS. 

[0 0 2 1] H4tt, H3K:*Lfc»ifi*j*K:J:t)TfP 
J&StlfcSJK h7>yX^SfflUfc7i'f^y?hUi' 

tt-»oi«»a« 101. 102 tmmomfz&gf-zn 
fef^tf 1 0 3<k*«^fc^*;mi*&*'r*. 

I^S. TfiiJW«fe»S« 1 0 1 ICteHSfiT U-f SB 1 0 4 £ 
KKjIhISS 1 0 5 tzMFIBl&lHlBS 1 0 6 £ Jcft-^tlT^ 

sfc. *g^*«i o i <Dmm&±.mz\-m%t>&mm 

©Sg^ffil 0 7*i^fig$riT^S. jffl^SSl 0 7f4gH^ 
1 0 8 £^L-TghSiBE!jlHlgg 1 0 5&tf7K?KMSIIS 1 

o 6 \z&mi,T^2>. mmr u-tsb 1 04 tztefrVKDV 
— bmmi 0 9 ti&m<Dmn&'& 1 1 o^Bg^tixv^ 

s. i^iH^CD3^^gP(r«H*mffi 1 1 1 i z\n&mw>-? 
SIIh7>yX^ 1 1 2 3&*»j*$tlT^*. ilh7 
>yX^l 1 2©y— h«SttJ»iS-r*y— MB«1 0 

9iz»mttsti. k u-f >*«tt»is-r«HsR*a 1 1 1 

Dll/T^S. y- hIB*S 1 0 9 f4^B|gS!)lHl8S 1 0 5 iZ 
*«-r*— ^^IB^ 1 1 0 fS^K^FigidlElgS 1 0 6 IZ 
ttMELTfr>S. S^ftffil 1 1 &X-f y^>^B«rT* 
§Ih7>yX^ 1 1 2 R^SittKIftlelSS 1 0 5 

sibieigsi o 6t-&snsg?agh7>> ! x^«. *%b^ 

^<*oTH5. ®£r?T, HggllslgS^ 0 X'U < MIC 

•6, rne,roilh7>yx^n *e^t*lsionc^ 
»Bii, r-bf&mm&3n.T*mftmmizmi3t>nfz 
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[0 0 2 2] 0 511 01 \Zfjil,fc*9£W\Z&Z>U- if 

i/Ti«fs«ftKLTt>4. 0 1 izTKLtzmmmmtm 

£3§3 0^#iLTl852 0 £*fijcT£ 

s«o K»j«snfci|M*#f*«4 KWtfcWTjs-rtttK* 

¥^|S]©a*2 5*<EPttl$tl-5Jlt{C/«£5* CCDfiS^2 10 

— ^[Rit-flirA e,n«> z. t\zts.z>. 

[0 0 2 3] @6H *^B^(c^?,U— tfttAftSSO 
»**8£|*^fc*fc*«#©*£«toL"Ctr»*. d©58 

3t JRA* S> SB L U— • tf ft £flg »t5«f. U— y-*ft® ii \t 

m \z k w-fc 7 > yjts** 6 is l £7 > £ 
icBa«-bT?&aijgg©^Rgs:sgs^fc:s-&TVis. *^b 20 

fS^*&9tr E L A(Excimer LaserAnn 
eal) iRTA (Rapid Thrmal Ann 
eal) &Wmhtz.mmzts.-3X^2>. RTAttSfiA! 
2 4 0&HL4 0 0 nm©SI^*ISra69 <«it«#9l 
S>) t^7 7.f«ci:d^/«c-5*feiita«0 KBaWfSHtC 

*^m\z-?2>&tfj-v&z> 0 mmf&mz, mmmmoit 

*<E£*lfcZ o n e 1 fcl^LZ one 3 X&m^Hz^m 

mm mm) sns. z<Dmmmffi.o&mizmmT-&m 30 

U RTAa-7 HcMD&tT. 9"*ft5 0 

«JC{4a-r-5^zi(DRTA^.-y b£IS:ttT^-5„ Sg— 
WRTAaz-; hteJiT— *ftf>7-:? ^ >:/6 1 , 6 2 
a»&&D, $-©RTAo.r y h fclT-MCJ-i' 7 
>^6 7, 6 8*^^5. S7-:?7>y6 1, 6 2, 
6 7, 6 8tiK£M£8 2T*A- £ taT -5 <h <h IC , 

RTAa- 7 MM, 0 tt^>« 0 ftftttttMfc 

8 7 4a*E£*lfc#^ffl©Z o n e 4 (cMM^tl, 40 
-e&?££n£„ — ELA(il+->?l/-tf3tSJffl 

[oo2 4] mzffi&L&mTzu-vi&ikfcmwiz. s 



#12 000-182956 
12 

^® i z ? #> m s nfc ©n^as i- m t n 

M. 0T«iffe^*«OOg#^(6]^^T*-r»« 

07-^5^6 1, 6 2t±l6ft££0®ffi;&lR]£&? 
t5r*©7>^5l/-!f)t5 0 com^i^-i 5 >^7*tr 

®7-?7>7 f 6 7, 6 8 t>p]«T-&-5<. *£i£^IS:«. 
[0 0 2 5] 

u— *? ytcommz «t o x&m n^-r % ^ 
mmxi$w.m&mmT*zii\zj:^Tm&m.e>mMki5tiL 

M^ffittB h7>y^^©^t 'J T^ffij^ 

KitSui^TSS. x. :o»i:ffii>5i/-ifiii 
{b^Bt*^^ >/t^t— ^*i«ioa««f Xttm«fK: 
E-r*fc*»t-p«k<. J*fe69fB¥fr&B*JiJc-eSlFtr. 

^•D-y^0-eab-5. 

[0 2] *^Bj{c^^U— tfi^^kSBCDffiW^J^-r 

[03] *5EW»c«*»JBth5>^^o«iS*j**5« 

[0 4] *^Bjtc^^Tf^fi£^nfc^)Kh7>^X^i& 
ffl ^^:^^B<D— m SSt^SBTS -So 

[05] *^bjic^^^— tfmskitmmv&Mm&TF;? 

[0 6] *^Bjtc^^l — lf|&Afc&ll®9£JBJgffi€7i% 

[^^©IftBJ] 

0 • • • 4 . . . 2 0 N • • • 

mm. 2 o s • • • sss. 2 o p • • • sffi, 2 0 n • 

• • fig. 2 5 • • • i&lg. 2 5 x • • • MiM. 3 0 • 

• • ^§5, 3 1 • • • Xr-v. 50 • • • V— tfft, 
5 1 • • • U— y-'Tfc©. 5 2- • -55— 
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